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TRIPARTITE FUSION PROTEINS OF GLUTATHIONE S-TRANSFERASE 

5 

This invention relates to the expression in bacteria such as Escherichia coli 
of foreign polypeptides as fusions with glutathione-S-transferase (GST). 

In International Patent Application No. PCT/AU88/00164, the disclosure 
10 of which is included herein by reference, it is disclosed that a fusion protein 
having a foreign polypeptide component fused to the enzyme glutathione-S- 
transferase (E.C. 2.5.1.18), preferably to the carboxy-terminal of the enzyme, 
avoids several of the difficulties associated with known fusion proteins, for 
instance fusions wherein the foreign polypeptide is expressed as a fusion with 
15 Exoli p-galactosidase, in that the GST fusion proteins are generally soluble and 
can be purified from bacterial lysates under non-denaturing conditions, for 
example by affinity chromatography on a column of immobilised glutathione. The 
GST enzyme in the fusion protein may be derived from the parasite helminth 
Schistosoma japonicum, or it may be derived from other species including 
20 humans and other mammals. 

The GST fusion proteins disclosed in International Patent Application No. 
PCT/AU88/00164 may be used as such, since the foreign polypeptide component 
thereof often retains its antigenicity and functional activity. Alternatively, the 

25 fusion protein may be cleaved to provide the foreign polypeptide as a synthesis 
product, and when the production of such a synthetic polypeptide is desired a 
cleavable link may be provided in the fusion protein between the glutathione-S- 
transferase component and the foreign polypeptide component. The cleavable 
link is preferably one which can be cleaved by a site-specific protease such as 

30 thrombin, blood coagulation Factor Xa, or the like. 
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Thus, in one aspect this earlier application discloses a fusion protein 
comprising a first amino acid sequence corresponding to the enzyme glutathione- 
s-transferase and, preferably fused to the COOH-terminus thereof, a second 
amino acid sequence corresponding to a foreign polypeptide (and optionally a 
5 cleavable link between these two components), as well as recombinant DNA 
molecules, expression vectors, and host cells for use in the production of such a 
fusion protein. 

In another aspect, this earlier application discloses an expression vector 
10 (such as a bacterial plasmid) for use in the production of a foreign polypeptide, 
wherein the vector has inserted therein a nucleotide sequence capable of being 
expressed as the glutathione-S-transferase enzyme followed by at least one 
restriction endonuclease recognition site for insertion of a nucleotide sequence 
capable of being expressed as a foreign polypeptide fused with the COOH- 
15 terminus of the glutathione-S-transferase enzyme, optionally with a sequence 
capable of being expressed as a cleavable link between the enzyme and the 
foreign polypeptide. 

Preferably, expression of the fusion proteins by the expression vectors is 
20 under the control of the toe promoter which enables inducible, high-level 
production of these fusion proteins. Preferably also, the expression vectors 
contain the lac Iq gene, so that they can be used in any E.coli strain. 

Polypeptides expressed in E.colias fusions with GST 1 have proven useful 
25 for the analysis of protein-DNA and protein-protein interactions. Part of the 
reason for this is that, in contrast to many other expression systems, the 
purification of GST fusion proteins involves non-denaturing conditions so that the 
expressed polypeptide is recovered in a relatively native state and retains at least 
some of its normal properties. Examples include GST fusions with GCN4 2 and 
30 PEA3 3 that behave at site-specific DNA binding proteins with properties similar 
to those of their normal counterparts, while fusions with the retinoblastoma gene 
product (Rb) 4 - 5 , Adenovirus E1A 6 , c-Kit 7 or the TATA binding protein (TBP) 8 
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retain specific interactions with other proteins. In addition, GST fusion proteins 
have been used to identify and characterise previously unknown properties of 
polypeptides. Thus, nucleotide sequences that are recognised by myogenin 
homomers 9 , MyoD 10 and c-Myc 11 have been delineated through Polymerase Chain 
5 Reaction (PCR) amplification of DNA selected by GST-fusion proteins from 
mixtures containing random sequences, while fusions with TBP 12 , Rb 4 * 13 and c- 
Myc 6 have been used to characterise previously unknown interactions with other 
proteins. Such approaches have been extended recently by the use of biotinylated 
GST-c-Abl fusions to detect interactions with proteins separated on Western 
10 blots 14 and the identification of a protein that interacts with c-Myc through 
screening of a CDNA library with a radiolabeled GST fusion 15 . 

In order to simplify the use of GST fusion proteins for such applications, in 
work leading to the present invention, the GST expression vector PGEX-2T 1 has 

15 been modified so that it directs the expression of glutathione-S-transferase (GST) 
fusion proteins that also contain one or more IgG binding domains from 
Staphylococcus aureus protein A. Such tripartite fusion proteins can be detected 
directly with commercially available antibody-enzyme conjugates, thus simplifying 
the use of GST fusion proteins as probes for the analysis of protein-protein 

20 interactions. In particular, in these fusion proteins the GST COOH-terminus is 
followed by one or more of the five naturally occurring IgG binding domains from 
Staphylococcus aureus protein A. Previous studies have shown that the IgG 
binding property of these domains is retained when all five are expressed as a 
GST fusion protein 16 or when they are expressed as isolated domains 17 - 18 . It was 

25 an object of this modification to provide a non-radioactive and generalised 

detection system using a tripartite fusion protein containing GST followed by one 
or more immunoglobulin binding domains and finally the polypeptide of interest, 
where the tripartite fusion protein would also bind to IgG. Such a fusion protein 
could be purified on glutathione-agarose beads, used as a probe for protein-DNA 

30 or protein-protein interactions, and detected using standard antibody-enzyme 
conjugates. 
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The present invention provides a fusion protein comprising a first amino 
acid sequence corresponding to a glutathione-S-transferase enzyme fused at its 
COOH terminus with a second amino acid sequence corresponding to a binding * 
entity, followed by a third amino acid sequence corresponding to a different 
5 polypeptide fused with said binding entity. s 

In accordance with a preferred embodiment of the present invention, there 
is provided a fusion protein comprising a first amino acid sequence corresponding 
to glutathione-S-transferase enzyme fused at its COOH terminus with a second 
10 amino acid sequence corresponding to at least one immunoglobulin binding entity 
such as an immunoglobulin binding protein or one or more binding domains 
thereof, followed by a third amino acid sequence corresponding to a different 
polypeptide fused with said immunoglobulin binding entity. 



15 In another aspect, the present invention also provides a recombinant DNA 

molecule comprising a nucleotide sequence which codes on expression for a 
fusion protein in which a binding entity is fused with the COOH-terminus of a 
glutathione-S-transferase enzyme, followed by a different polypeptide fused with 
said binding entity. 

20 

A preferred embodiment of this aspect of the present invention provides a 
recombinant DNA molecule comprising a nucleotide sequence which codes on 
expression for a fusion protein in which at least one immunoglobulin binding 
entity such as an immunoglobulin binding protein or one or more binding 
25 domains thereof is fused with the COOH-terminus of a glutathione-S-transferase 
enzyme, followed by a different polypeptide fused with said immunoglobulin 
binding entity. 

If desired, the fusion protein may also include a cleavable link, for example 
30 a link which can be cleaved by a site specific protease such as thrombin or blood 
coagulation Factor Xa. Such a cleavable link is preferably included between the 
GST moiety and the binding entity; however, a cleavable link may additionally or 
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alternatively be included between the binding entity and the polypeptide fused 
therewith. 



The present invention also provides expression vectors and host cells 
5 having inserted therein a recombinant DNA molecule in accordance with this 
invention, as well as methods of producing the fusion protein of this invention 
using such expression vectors and host cells as disclosed in detail in prior 
International Patent Application No. PCT/AU88/00164, the disclosure of which is 
incorporated by reference. 

10 

In another aspect, the present invention also provides an expression vector 
having inserted therein a nucleotide sequence capable of being expressed as a 
glutathione-S-transferase enzyme followed by a binding entity fused with the 
COOH-terminus of said glutathione-S-transferase, and at least one restriction 
15 endonuclease recognition site for insertion of a further nucleotide sequence 
capable of being expressed as a different polypeptide fused with said binding 
entity. Such an expression vector may, if desired, also include a nucleotide 
sequence capable of being expressed as a cleavable link as discussed above. 

20 In a preferred embodiment of this aspect, the present invention also 

provides an expression vector having inserted therein a nucleotide sequence 
capable of being expressed as a glutathione-S-transferase enzyme followed by at 
least one immunoglobulin binding entity such as an immunoglobulin binding 
protein or one or more binding domains thereof fused with the COOH-terminus 

25 of said glutathione-S-transferase, and at least one restriction endonuclease 

recognition site for insertion of a further nucleotide sequence capable of being 
expressed as a different polypeptide fused with said immunoglobulin binding 
entity. Optionally, this expression vector may also include a nucleotide sequence 
capable of being expressed as a cleavable link as discussed above. 



30 
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The GST enzyme in the fusion protein may be derived from Schistosoma 
japonicum , or it may be derived from other species including humans and other 
mammals. 



5 The binding entity which is included within the fusion protein in 

accordance with the present invention may be any member of a specific binding 
pair, including for example an antigen/specific antibody binding pair (especially 
an antigen/specific monoclonal antibody binding pair), and avidin/biotin binding 
pair, or preferably an immunoglobulin binding protein/ immunoglobulin binding 
10 pair. 

The immunoglobulin binding entity included in preferred fusion proteins in 
accordance with this invention may be any protein having immunoglobulin 
binding affinity, more particularly binding affinity for immunoglobulin G (IgG). 

15 Alternatively, one or more immunoglobulin binding domains of such a protein 
maybe incorporated in the fusion protein. A particularly preferred binding entity 
comprises Staphylococcus aureus protein A or one or more of the IgG binding 
domains thereof, however the invention also encompasses the use of other 
immunoglobulin binding proteins such as Protein G, Protein GG and chimaeric 

20 Protein A/G. It will be appreciated that the immunoglobulin binding protein or 
binding domain(s) may be selected so as to optimise the binding to IgG in the 
intended application. Thus, in view of the limited specificity of protein A and in 
particular its poor binding to sheep, goat and rat IgG, other immunoglobulin 
binding entities may be chosen for particular applications. Protein G has a 

25 different spectrum of binding (as described by Lew et.al} 6 ), and the 

immunoglobulin binding entity may even be a synthetic IgG binding domain as 
described by Lowenalder ef.a/. 19 . 



The precise nature of the different or "foreign" polypeptide which forms 
30 part of the fusion protein of this invention is not essential. Accordingly, the 
present invention extends to such fusion proteins which incorporate any 
polypeptide or protein of interest as the different or "foreign" polypeptide. By 
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way of example, this polypeptide or protein of interest may be a particular 
antigen, with the resulting fusion protein being useful in a diagnostic test method 
and kit for detection of specific antibody to the particular antigen in a sample, 
such as a serum sample, using the well-known enzyme immunoassay (EIA) 
5 techniques. In such a diagnostic test using a GST/protein A/ antigen fusion 
protein as the EIA capture phase, specific antibody if present in the sample will 
bind to both the antigenic portion and the protein A portion of the fusion protein 
thereby providing a larger surface area on the capture phase for binding of the 
antibody, leading to greater sensitivity of reaction. 

10 

In another example of the use of the fusion proteins of this invention in 
diagnostic tests, the polypeptide or protein of interest may be a "reporter" entity, 
particularly an enzyme such as alkaline phosphatase, urease, horseradish 
peroxidase, or any other enzyme used in colorimetric or chemiluminescent 

15 determinations. Such a fusion protein, for example a GST/Protein A/horseradish 
peroxidase fusion protein, can be used directly in various immunoassay 
procedures to detect antigen-antibody reactions by binding to the protein A 
moiety, and then directly detected by standard colorimetric or chemiluminescent 
methods. In this way, the requirement for various antibody/reporter molecule 

20 conjugates (such as goat anti-mouse/HRPO or rabbit anti-human/HRPO 
conjugates) for use in such immunoassay procedures can be avoided. 

It will of course be appreciated that the inclusion of the GST moiety in the 
fusion protein of the present invention enables the ready purification of the fusion 
25 protein by affinity chromatography on immobilised glutathione. In addition, 
where the fusion protein is to be used as an EIA capture phase, the fusion 
protein may be immbbilised on a solid substrate by first coating the solid 
substrate with anti-GST antibody and then contacting the coated substrate with 
the fusion protein. 

30 

Further features of the present invention are illustrated, by way of example 
only, in the following Example and in the accompanying drawings. This Example 
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illustrates the construction of altered pGEX2T expression vectors that direct the 
expression of GST fusions containing one, two or three protein A IgG binding 
domains. These fusion proteins bind to IgG and can be detected using * 
commercially available antibody-enzyme conjugates. Applications of these vectors 
5 to the analysis of protein-protein interactions are illustrated by experiments using 
an NH 2 -terminal region of SV40 T antigen as a probe on Western blots of cell 
extracts, and by binding assays of immobilised GST fusion proteins probed with 
GST-protein A fusions. 

10 In the drawings: 

Figure 1 shows detection of GST-protein A fusion proteins on 
Western blots. Cells transformed with plasmids directing the expression of GST- 
protein A fusion proteins containing one (a), two (b, pAGEX2T) or three (c) IgG 
binding domains were grown in the presence of 0.1 mM isopropyl-p-D- 

15 thiogalactopyranoside (IPTG), and proteins analysed by electrophoresis through 
SDS-polyacrylamide gels followed by transfer to nitrocellulose. Polypeptides 
containing IgG binding domains were visualised by probing with AP-conjugated 
rabbit anti-chicken antibodies, followed by detection of en2yme activity in situ 

20 Figure 2 shows the structure of pAGEX2T. Indicated in the drawing 

are the IPTG-inducible trp-lac hybrid promoter (Ptac), the regions encoding the 
Schistosoma japonicum glutathione-S-transferase (GST), a thrombin cleavage site 
(Th) and two copies of the S.aweus protein A IgG binding domain B(PA) 
followed by unique BamHI, Smal and EcoRI restriction sites. Also represented 

25 are the position of unique PstI and EcoRV restriction sites, the gene encoding p- 
lactamase (amp 1 ), an origin of replication (ori), and an over-expressed allele of 
the lac repressor (lacl q ). The nucleotide sequence of a single IgG binding domain 
and the polypeptide that it encodes are also given. * 

30 Figure 3 shows the sensitivity of detection of GST-protein A fusion 

proteins. Equal quantities of purified GST or GST-protein A (GST-PA) were 
applied to nitrocellulose from left to right as 5 pi drops in four-fold dilutions from 
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1 yg to 1 ng. Air dried strips were probed with G53, a monoclonal antibody 
directed against GST followed by AP-conjugated goat anti-mouse antibodies 
(Anti-GST), with AP-conjugated rabbit antibodies (AP-Conjugated Rabbit Ab), 
with either R819, a rabbit antisera raised against Rb (Anti-Rb) or a non-specific 
5 rabbit serum (Sigma) (Rabbit Serum) followed by AP-conjugated goat anti-rabbit 
antibodies, or with Ab419, a monoclonal antibody specific for SV40 T antigen 
followed by AP-conjugated goat anti-mouse antibodies (Anti-TAg). After 
washing, enzyme activity was detected in situ . 

10 Figure 4 shows the use of GST-protein A-SV40 TAg as a probe for 

protein-protein interactions on Western blots. A Western blot of a HeLa whole 
cell extract was probed with GST-protein A(a) or GST-protein A-SV40 TAg (1- 
272) (b) at a concentration of 25 pg/ml in NT buffer containing 150 mM, 500 
mM or 1 M NaCl. After washing in the same buffer containing 150 mM NaCl, 

15 bound protein was detected by probing with AP-conjugated rabbit antibodies 
followed by enzyme detection in situ . 

Figure 5 shows that-Rb is amongst the proteins detected by GST- 
protein A-SV40 TAg. Western blots of HeLa cells (H) that express Rb and 
20 WERI-1 cells (W) that do not, were probed with a rabbit antisera raised against 
Rb followed by AP-conjugated goat anti-rabbit antibodies (Anti-Rb) or with GST- 
protein A-SV40 TAg (1-272) followed by a pool of antibodies directed against 
SV40 TAg and then AP-conjugated goat anti-mouse antibodies (GST-PA-TAg). 
Enzyme activity was detected in situ . 

25 

Figure 6 shows the binding of protein A-TEF-1 to GST-SV40 TAg 
immobilised on beads. Purified GST-Protein A-TEF1 (1-168) was cleaved with 
thrombin and 1,3 or 10 \A incubated with glutathione-agarose beads carrying GST 
or GST-TAg (1-260). After washing, probe retained on the beads was analysed 
30 by probing Western blots with AP-conjugated rabbit antibodies and detection of 
enzyme activity in situ. Total represents 1.5 pi of probe. The triangles indicate 
the increasing quantity of probe from left to right. 
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Rgure 7 shows the binding of complex probes to GST fusion proteins 
on beads. Purified GST-protein A-TBP and GST-protein A-SV40 TAg (1-272) 
were cleaved with thrombin, mixed together and incubated with glutathione beads •> 
carrying GST or GST-SV40 TAg (1-260) and retained probe analysed as above. 
5 Total represents 1/25 of the probe added to each sample of beads. ' 

EXAMPLE 

MATERIALS AND METHODS 
Construction of plasmids. 

10 A single IgG binding domain (domain B) of S.aureus protein A 20 was 

isolated by PCR amplification from the plasmid pRIT 5 (Pharmacia 21 ) using the 
oligonucleotides 5 '-TG AG ATCTG CG G ATA AC AAATTC AAC-3 ' and 5'- 
ACGGATCCTTTTGGTGCTTG AGCATC-3 Amplification was for 20 cycles 
of 94 °C 1 minute, 55 °C for 1% minutes and 74 °C for \ h minutes using 25 ng 

15 pRTTS and 100 ng each oligonucleotide in a solution containing 10 mM Tris 
(HQ) pH 8.3, 1.5 mM Mgcl^ 50 mM KC1, 200 ym dATP, dCTP, dGTP and 
dTTP and 2.5 units Thermus aquaticus DNA polymerase (Cetus). 

The PCR product was incubated for 1 hour at 37 °C with the restriction 
20 endonuclease Sau3A in 20 mM Tris-HCl (pH 7.4), 5 mM MgCl 2 , 50 mM KC1 and 
after electrophoresis through a 2% low-gelling-temperature agarose gel a 185 bp 
fragment was purified and ligated with BamHl cleaved and calf intestinal alkaline 
phosphatase treated pGEX-2T in a 10 pi reaction containing 100 ng of vector, 50 
ng purified fragment, 20 mM Tris-HCl (pH 7.6), 5 mM MgCl* 5 mM 
25 dithiothreitol, 1 mM ATP and 1 unit T4 DNA ligase (Pharmacia). After 16 hours 
at 20 °C the ligation reaction was transformed into competent Exoli cells of the 
strain HB101 and spread onto agar plates containing 50 pg mM ampicillin. 
Individual colonies appearing after 15 hours growth at 37 °C were screened for 
their ability to direct expression of an enlarged glutathione-S-transferase by 
30 inoculation into 1 ml of L-broth, growth for 4 hours with agitation at 37 °C, and a 
further 2 hours growth after the addition of isopropylthio-B-D-galactoside (IPTG) 
to 0.1 mM. Cells were pelleted out of a 50 ul sample, heated at 90 °C for 2 
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minutes in SDS sample buffer and separated by electrophoresis through a 10% 
SDS - polyacrylamide gel. Proteins were visualised by staining with Coomassie 
Brilliant Blue and a clone identified that directs the expression of a 33 kDa 
polypeptide. 

5 

No precipitate was observed in the lane corresponding to cells transformed 
with pGEX-2T while a faint precipitate corresponding to the 33 kDa GST 
polypeptide indicated that this molecule contains a functional protein A IgG 
binding domain. By repeating these cloning steps a plasmid was isolated that 

10 expresses a GST fusion protein containing two protein A IgG binding domains 
which gives much stronger signal on Western blots when probed with the antibody 
conjugate. This plasmid, called pAGEX-2T (see Figure 2), retains the multiple 
cloning sites of pGEX-2T in the same frame at the 3' end of the protein A 
domains. Repeating these cloning steps again led to a plasmid containing three 

15 protein A domains. 

Expression of a region of SV40 T antigen encoding amino acids 1-272 as a 
GST-protein A fusion protein was made possible by PCR amplification of the 
plasmid pGEXl-SV40 TAg (1-272) 22 with the oligonucleotides 5'- 

20 TAGGATCCATGG ATAAAGTTTTAAACAG-3 ' and 

5 '-GCTGCATGTGTCAGAGG-3 '. The PCR product was incubated with 
BamHI and EcoRI and inserted into BamHI and EcoRI cleaved pAGEX2T 
producing the plasmid pAGEX2T-SV40 TAg (1-272). A plasmid encoding the 
NH 2 -terminal 168 amino acids of TEF-1 as a GST-protein A fusion (pGEX2T- 

25 TEF1 (1-168)) was produced by inserting a 500 bp BamHI fragment of pGEX2T- 
TEF1 (1-426) (described below) into the BamHI site of pAGEX2T. Similarly, a 
1 kb BamHI-EcoRI fragment of pGEX2T-TBP was inserted into BamHI and 
EcoRI cleaved pAGEX2T to generate the plasmid pAGEX2T-TBP. 



30 



A plasmid capable of expressing entire TEF-1 as a GST fusion protein 
(pGEX2T-TEFl (1-426)) was constructed by isolating a 1.3 kb NcoI-BglH 
fragment from pXMO-TEFIA 23 , treating with the Klenow fragment of Exoli 
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DNA polymerase I (Klenow) to fill in the ends, followed by litigation with Smal 
cleaved pGEX2T. In order to express the first 260 amino acids of SV40 T 
antigen as a GST fusion protein the single PflMI restriction site in pGEX2T was 
removed by cleavage and religation after incubation with Klenow. A BamHI- 
5 EcoRI fragment from pAGEX2T-SV40-TAg (1-272) was introduced into this 
vector, and using the unique PflMI restriction site within the SV40 coding 
sequences, the PflMI-EcoRI fragment was replaced with a PflMI-Hindlll 
fragment of PKT260 24 to produce the plasmid pGEX2T-SV40 TAg (1-260). 
Standard procedures were followed for manipulations of DNA and E.coli 
10 transformation. GST fusion proteins were purified from bacterial cultures as 
described 1 . 

Western transfer and detection of GST-protein A fusion proteins. 

Protein samples were separated by electrophoresis through 10% SDS- 

15 polyacrylamide gels and transferred to nitrocellulose at 4 °C in a buffer containing 
25 mM Tris-HCl (pH 8.3), 192 mM glycine and 20% v/v methanol. Transfer was 
at 100 V for 1 hour or at 30 V for 15 hours, after which blots were blocked for 30 
minutes at 20 °C in PBS (140 mM NaCl, 3 mM KC1, 8 mM Na 2 HP0 4 and 2 mM 
KH^OJ containing 5% non-fat dried milk powder. After rinsing in PBS, blots 

20 were probed for 1 hour at 20 °C with a 1:5,000 dilution in PBS of an alkaline- 
phosphatase (AP) conjugated rabbit anti-chicken antibody (Chemicon). Blots 
were then washed three times in PBS with enzyme activity detected by incubation 
in the dark at 20 °C in a solution containing 100 mM Tris-HCl (pH 9.5), 100 mM 
NaCl, 5 mM MgClj, 033 mg/ml nitro blue tetrazolium (Sigma) and 0.17 mg/ml 

25 5-bromo-4-chloro-3-indolyl phosphate (Sigma). 

The sensitivity of detection of fusion proteins was assessed by dot blots in 
which equal quantities of purified GST or GST-protein A were diluted in 150 
mM NaCl, 50 mM Tris-HCl (pH 7.5) (NT buffer) containing 1% bovine serum 
30 albumin (fraction V, Sigma) (BSA) and applied in four-fold dilutions as 5 yl 
drops to nitrocellulose strips. After air drying, blots were blocked as above and 
probed for 1 hour at 20 °C with antisera diluted in NT buffer containing 3% BSA 
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Blots were then rinsed three times in NT buffer, probed for 1 hour at 20 °C in 
NT buffer containing 3% BSA and a 1:5,000 dilution of AP-conjugated goat anti- 
mouse or anti-rabbit antibodies (Promega), and developed as above. 

5 Probing of Western blots with GST-protein A fusion proteins. 

Cell pellets or aliquots of a HeLa whole cell extract 25 were heated to 90 °C 
in sample buffer, separated through 10% SDS-polyacryl amide gels and transferred 
to nitrocellulose or Immobilon-P (Millipore). After blocking as above, blots were 
cut into strips and probed for 2 hours at 20 °C with purified GST-protein A or 
10 GST-protein A-SV40 TAg (1-272) at a concentration of 25 pg/ml in NT buffer 
containing 3% BSA. Blots were washed three times in NT buffer and bound 
proteins then detected by probing with AP-conjugated rabbit antibodies, or with a 
pool of monoclonal antibodies raised against T antigen followed by AP- 
conjugated goat anti-mouse antibodies. 

15 

Bead binding assays. 

Different GST fusions were purified on glutathione-agarose beads and 

stored at -20 °C while still bound to the beads in PBS containing 15% glycerol. 

Beads were diluted with fresh glutathione-agarose beads so as to equalise the 
20 concentration of bound protein between samples. Prior to an assay, 25 pi of 

beads were washed in a microfuge tube with 1 ml of PBS containing 5 mM 

MgClj, 0.5% Tween 20 and 0.5% BSA, and collected by brief centrifugation. 

Thrombin-cleaved GST-protein A fusion proteins were added to the drained 

beads in 30 pi of the same buffer and incubated for 1 hour at 4°C with frequent 
25 agitation. Beads were then washed twice with 1 ml of buffer without BSA, 

drained, and the retained protein A fusion analysed by Western blotting as above. 

Thrombin cleavage of fusions was carried out while proteins were 
immobilised on beads (200 pi, containing up to 200 pg fusion protein) in 200 pi 
30 buffer containing 50 mM Tris-HCl (pH 8.0), 250 mM NaCl, 50 mM NaCitrate, 1 
mM CaCl^ 1% BSA and 2 pg human thrombin (Sigma). After incubation at 
20 °C for 1 hour beads were pelleted and the supernatant removed. The beads 
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were washed once with 50 mM Tris-HCl (pH 8.0) and the combined supernatants 
stored at -80 °C. 

RESULTS 

5 Construction of GST-protein A vector pAGEXZT 

A single IgG binding domain of S.aureus protein A (domain B) 20 was 
isolated by PCR amplification of DNA of the plasmid pRIT5 21 using 
oligonucleotide primers specific for domain B and inserted into the BamHI site of 
PGEX2T 1 . The primers were designed such that the BamHI site was re-formed 

10 at a position corresponding to the COOH-terminus of the IgG binding domain so 
that further domains could be introduced in the same manner. E.coli 
transformants were identified containing plasmids that direct the expression of 
GST fusion proteins containing one, two or three binding domains. All of these 
GST-protein A fusion proteins were recognised when Western blots of cell lysates 

15 were probed with AP-conjugated rabbit antibodies, and the sensitivity of detection 
increased with the number of binding domains (Figure 1). Correcting for the 
different amounts of each fusion protein, the signal increases about 50-fold from 
one to two domains, and about-2-fold from two to three domains. Since it was 
desired to minimise the size of the GST-protein A carrier and since adding a 

20 third binding domain had a relatively minor effect on the sensitivity of detection, 
the plasmid that encodes two domains (called pAGEX2T) was chosen for all 
subsequent work. This vector contains unique BamHI, Smal and EcoRI 
restriction sites at a position corresponding to the COOH-terminus of the second 
IgG binding domain and in the same reading frame as in the parent plasmid 

25 pGEX2T, followed by termination codons in all three frames (Figure 2). Fusions 
expressed using this vector consist of GST followed by a thrombin cleavage site, 
two protein A IgG binding sites and finally the protein of interest. 

Sensitivity of detection of GST-protein A fusion proteins. 
30 The sensitivity with which the GST-protein A fusion encoded by 

pAGEX2T could be detected was investigated by probing dilutions of purified 
protein with different antisera (Figure 3). Both GST-protein A and GST alone 
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were detected by a monoclonal antibody specific for GST (Anti-GST), but GST- 
protein A detection was more sensitive, presumably because of the additional 
effect of antibody binding to the IgG binding domains. A similar sensitivity of 
about 4 ng protein was observed for GST-protein A probed with enzyme- 
5 conjugated rabbit antibodies (AP-Conjugated Rabbit Ab) and as expected there 
was no signal for GST alone. Enhanced sensitivities of less than 1 ng were 
observed when GST-protein A was probed first with an unconjugated antibody 
(Rabbit Serum, rabbit Anti-Rb or MAb419, an Anti-TAg monoclonal antibody) 
followed by the appropriate enzyme-conjugated second antibody. Amplification 

10 of signal in these cases may reflect polyvalent binding of enzyme-conjugated 
secondary antibodies to primary antibodies bound to the protein A domains. 
Similar sensitivities were observed for tripartite fusion proteins containing GST, 
protein A and portions of SV40 T antigen or of the transcriptional activator TEF- 
1. This suggests that the presence of extraneous polypeptide sequences on both 

15 flanks of the protein A domains does not hinder the binding of antibodies. 

GST-protein A fusions as probes for Western blots 

Some applications of the pAGEX2T vector can be illustrated using an 
NH 2 -terminal region of SV40 T antigen (amino acids 1-272) that is known to 

20 interact with several different proteins 26 - 273 and when expressed as a GST fusion 
protein is able to autoregulate and transactivate the SV40 early and late 
promoters in in vitro transcription reactions 22 A DN A fragment encoding this 
region was inserted into pAGEX2T resulting in the expression of a tripartite 
fusion protein of 67 kDa. When this purified fusion protein was used as a probe 

25 on Western blots of a transcriptionally active HeLa whole cell extract 25 distinct 
bands over a range of molecular weights were recognised (Figure 4, 0.15 M, b). 
Blots incubated with the same probe in solutions containing higher concentrations 
of NaCl showed different patterns (0.5 M, 1.0 M) while only faint signals were 
observed on blots probed under the same conditions with GST protein A alone 

30 (a). The strength of signal on these blots was reduced with lower concentrations 
of probe while the pattern obtained was influenced by the type of transfer 
membrane, the transfer conditions, post-transfer renaturation of proteins 29 and the 
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type of protein blocker and solute concentrations used during probing (data not 
shown). 

In order to test the possibility that the strong signal at about 110 kDa on 
5 blots probed with SV40 T antigen in 150 mM NaCl was the Rb protein, extracts 
from HeLa cells that express Rb, and WERM cells that have a homozygous 
deletion of Rb 30 , were probed with antibodies specific for Rb or with the GST- 
protein A-SV40 T antigen fusion protein. When Immobilon-P was used as the 
transfer membrane in such experiments no difference in the intensity of the 110 

10 kDa band could be detected between the two cell lines (data not shown). 

However, when proteins were transferred to nitrocellulose, a band was observed 
in the 110 kDa region that was only present in HeLa cells and that co-migrated 
with a band detected by anti-Rb antibodies (Figure 5). Nitrocellulose and 
Immobilon-P have different binding properties and it is presumed that a species 

15 present in both cell types interacts with the GST-protein A-SV40 T antigen fusion 
protein but transfers efficiently only to Immobilon-P where it obscures the 
interaction with Rb. 

These experiments also reveal several other cellular proteins that can 
20 interact with SV40 T antigen. These interactions are independent of GST since 
the same species are recognised on blots probed with fusion protein that had 
been cleaved with thrombin and consists of the protein A domains fused to the 
SV40 T antigen region, while distinct patterns were observed on blots probed 
GST-protein A fusion proteins containing portions of the transcription activators 
25 TEF-1, PEA3 or TBP (data not shown). 

Binding of cleaved GST-protein A fusion proteins to GST fusion proteins on 
beads. 

Several studies have used GST-fusion proteins absorbed to glutathione- 
30 agarose as an affinity matrix to purify molecules from whole cell lysates 4 * 6 - 7 - 14 or 
from specifically programmed in vilro translation reactions 6 ' 12 - 13 . As an extension 
to this approach, polypeptides expressed using the pAGEX2T vectors have been 
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used as probes for interactions with GST fusion proteins immobilised on beads. 
Such experiments require that the GST portion of the GST-protein A fusion 
protein is first removed by treatment with thrombin so that the probe does not 
simply absorb to the glutathione-agarose. After incubation of cleaved probe with 
5 beads bearing different GST fusion proteins, the beads are washed and retained 
probe is analysed by Western blotting followed by detection with enzyme-antibody 
conjugate. 

A probe consisting of the protein A domains fused to the NH 2 -terminal 
10 168 amino acids of TEF-1 does not bind to beads bearing GST alone but is 
retained on beads carrying GST fused to the first 260 amino acids of SV40 T 
antigen (Figure 6). This interaction is specific since a breakdown fragment of the 
protein A-TEF-1 fusion does not bind to either type of beads, and the intact 
fusion fails to bind to beads bearing GST fused to NH 2 -terminal or COOH- 
15 terminal fragments of TEF-1 or to entire TBP (data not shown). Although both 
fusions possess DNA binding activities, the interaction does not appear to be 
mediated by DNA since the binding of probe to beads is not affected by the 
addition of DNA to 30 pg/ml or of DNAase I to 10 pg/ml, 

20 Another illustration of this method takes advantage of cases where two or 

more cleaved GST-protein A fusion proteins are of different sizes and so can be 
used together in binding assays. When cleaved fusion proteins containing protein 
A fused to TBP or the NH 2 -terminal 272 amino acids of SV40 T antigen were 
mixed and used as a probe, binding to GST-SV40 TAg (1-260) beads above the 

25 background seen on GST beads was only observed for protein A-TBP (Figure 7). 

DISCUSSION 

In this Example, the GST expression vector pGEX2T has been modified in 
order to simplify the use of GST fusion proteins in the analysis of protein-protein 
30 interactions by producing tripartite fusion proteins that contain IgG binding 
domains. Polypeptides expressed in this system can be purified on glutathione- 
agarose under non-denaturing conditions and can be detected without further 
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modification using standard reagents and without the use of radioactive materials. 
This system is less disruptive and more general than some other methods. 
Previous studies have used GST fusions as probes for protein-protein interaction 
after labelling by iodination 1S31 or biotinylation 14 . Such treatments might 
5 sometimes obscure interactions because of the incorporation of labelling moieties 
at binding sites. An alternative non-disruptive method for detecting GST fusion 
proteins would be to use monoclonal antibodies specific for GST Although this 
approach has been used to probe blots with GST-SV40 TAg (1-272) and obtain 
results similar to those obtained with a GST-protein A fusion, the method 
10 requires an additional specific reagent and extra manipulations. Such a detection 
system would also not allow the detection of cleaved GST fusion proteins as used 
in the binding experiments described above. 

Detection of GST-protein A fusion proteins require either an enzyme- 
15 linked antibody that itself binds to protein A, or else antibody that binds to 
protein A and an appropriate enzyme-linked second antibody. GST-protein A 
fusions have been detected directly with AP-conjugated rabbit antibodies and 
indirectly using mouse monoclonal antibodies or rabbit serum followed by 
enzyme-linked goat anti-mouse or anti-rabbit antibodies. Fusion proteins could 
20 also be detected using antibodies from other species such as guinea-pig, cow, 
human, pig or horse, or might utilise other enzyme-conjugates or include biotin- 
avidin binding steps so as to further amplify the signal. Antibodies from species 
such as the goat, sheep, rat and chicken bind poorly to protein A 32 and so could 
not be used by themselves. 

25 

The binding properties of polypeptides may be affected by the presence of 
GST and IgG binding domains in the fusion proteins. Removal of GST from a 
tripartite fusion protein containing amino acids 1-272 of SV40 T antigen by 
cleavage with thrombin did not affect the pattern of bands detected on a Western 
30 blot of HeLa cell proteins. In addition, similar patterns were obtained when the 
same region expressed as a GST fusion protein, but lacking the protein A 
domains, was used as a probe and detected using a pool of monoclonal antibodies 
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directed against GST. GST fusion proteins have been observed to mirror the 
properties of their native counterparts in many instances 2 " 16,22,31 . 

Previous immunological studies have identified molecules that interact with 
5 amino acids 1-272 of SV40 T antigen including Rb 26 , heat shock protein 70 
(hsp70) 27 and a protein of 185 kDa 28 . The present experiments indicate that Rb 
is recognised on Western blots of whole cell lysates by a GST-protein A fusion 
protein containing this region of SV40 T antigen (Figure 5). Several other 
proteins are detected on these blots, and these may include hsp70 and the 185 

10 kDa protein as well as other species that may reveal previously unknown 
interactions. The present experiments also suggest that there are direct 
interactions between SV40 T antigen and the transcription factors TEF-1 and 
TBP. The possibility that SV40 T antigen might interact with TEF-1 was 
previously suggested by experiments indicating that the ability of T antigen to 

15 activate SV40 transcription is at least partially dependent on DNA sequences in 
the SV40 enhancer to which TEF-1 binds 22,33 . Interactions between TBP and 
other virus-specified transactivators have already been demonstrated for 
Adenovirus El A 8 , Herpes Simplex virus VP16 34 and cytomegalovirus IE2 12 

20 Those skilled in the art will appreciate that the invention described herein 

is susceptible to variations and modifications other than those specifically 
described. It is to be understood that the invention includes all such variations 
and modifications which fall within its spirit and scope. The invention also 
includes all the steps, features, compositions and compounds referred to or 

25 indicated in this specification, individually or collectively , and any and all 
combinations of any two or more of said steps or features. 
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CLAIMS: 

1. A fusion protein comprising a first amino acid sequence corresponding to a 
glutathione-S-transferase enzyme fused at its COOH terminus with a second 
amino acid sequence corresponding to a binding entity, followed by a third amino 
acid sequence corresponding to a different polypeptide fused with said binding 
entity. 

2. A fusion protein according to claim 1, wherein said binding entity is a 
member of a specific binding pair. 

3. A fusion protein according to claim 2, wherein said specific binding pair is 
selected from an antigen /specific antibody binding pair, an avidin/biotin binding 
pair or an immunoglobulin binding protein /immunoglobulin binding pair. 

4. A fusion protein comprising a first amino acid sequence corresponding to a 
glutathione-S-transferase enzyme fused at its COOH terminus with a second 
amino acid sequence corresponding to at least one immunoglobulin binding 
entity, followed by a third amino acid sequence corresponding to a different 
polypeptide fused with said immunoglobulin binding entity. 

5. A fusion protein according to claim 4, wherein said immunoglobulin 
binding entity is a natural or synthetic IgG binding protein, or one or more IgG 
binding domains thereof. 

6. A fusion protein according to claim 5, wherein said IgG binding protein is 
Staphylococcus aureus protein A or one or more IgG binding domains thereof. 

7. A fusion protein according to claim 4, wherein said immunoglobulin 
binding entity is selected from Protein G, Protein GG or chimaeric Protein A/G. 
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8. A fusion protein according to any one of claims 1 to 7, further comprising 
a cleavable link between said first and second amino acid sequences and/or a 
cleavable link between said second and third amino acid sequences. 

9. A fusion protein according to claim 8, wherein said cleavable link is one 
which can be cleaved by a site specific protease. 

10. A fusion protein according to claim 9, wherein said cleavable link is one 
which is cleavable by thrombin or blood coagulation Factor Xa. 

11. A fusion protein according to any one of claims 1 to 10 for use in a 
diagnostic immunoassay for detection in a sample of one member of an 
antigen/specific antibody binding pair, wherein said third amino acid sequence 
comprises all or a binding fragment of the other member of said binding pair. 

12. A fusion protein according to any one of claims 1 to 10 for use in a 
diagnostic immunoassay, wherein said third amino acid sequence comprises a 
reporter molecule or label. 

13. A fusion protein according to claim 12, wherein said reporter molecule or 
label is an enzyme. 

14. A fusion protein according to claim 13, wherein said enzyme is selected 
from alkaline phosphatase, urease or horseradish peroxidase. 

15. A recombinant DNA molecule comprising a nucleotide sequence which 
codes on expression for a fusion protein according to any one of claims 1 to 14. 

16. An expression vector comprising a nucleotide sequence according to claim 
15, and operatively linked thereto an expression control sequence for expression 
of said fusion protein. 
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17. A host cell transformed with an expression vector according to claim 16. 

18. A method of producing a fusion protein which comprises the step of 
culturing host cells according to claim 17 under conditions such that said fusion 
protein is expressed in recoverable quantity. 

19. A method according to claim 18, comprising the further step of recovering 
said fusion protein from the cell culture. 

20. A method according to claim 19, wherein said fusion protein is recovered 
by contacting said fusion protein with immobilised glutathione, optionally after 
first lysing said host cells. 

21. A method according to any one of claims 18 to 20, comprising the further 
step of cleaving said fusion protein at the cleavable link or links therein, if 
present. 

22. An expression vector having inverted therein a nucleotide sequence 
capable of being expressed as a glutathione-S-transferase enzyme followed by a 
binding entity fused with the COOH-terminus of said glutathione-S-transferase, 
and at least one restriction endonuclease recognition site for insertion of a further 
nucleotide sequence capable of being expressed as a different polypeptide fused 
with said binding entity. 

23. An expression vector according to claim 22, wherein said binding entity is a 
member of a specific binding pair. 

24. An expression vector according to claim 23, wherein said specific binding 
pair is selected from an antigen/specific antibody binding pair, an avidin/biotin 
binding pair or an immunoglobulin binding protein/immunoglobulin binding pair. 
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25. An egression vector according to any one of claims 22 to 24, wherein said 
nucleotide sequence includes a sequence capable of being expressed as a 
cleavable link between said enzyme and said binding entity and/or between said 
binding entity and said different polypeptide. 

26. An expression vector having inserted therein a nucleotide sequence 
capable of being expressed as a glutathione-S-transferase enzyme followed by at 
least one immunoglobulin binding entity fused with the COOH-terminus of said 
glutathione-S-transferase, and at least one restriction endonuclease recognition 
site for insertion of a further nucleotide sequence capable of being expressed as a 
different polypeptide fused with said immunoglobulin binding entity. 

27. An expression vector according to claim 26, wherein said immunoglobulin 
binding entity is a natural or synthetic IgG binding protein, or one or more IgG 
binding domains thereof. 

28. An expression vector according to claim 27, wherein said IgG binding 
protein is Staphylococcus aureus protein A, or one or more IgG binding domains 
thereof. 

29. An expression vector according to claim 26 wherein said immunoglobulin 
binding entity is selected from Protein G, Protein GG or chimaeric Protein A/G. 

30. An expression vector according to any one of claims 26 to 29, wherein said 
nucleotide sequence includes a sequence capable of being expressed as a 
cleavable link between said enzyme and said immunoglobulin binding entity 
and/or between said immunoglobulin binding entity and said different 
polypeptide. 

31. The GST-protein A expression vector pAGEX2T described herein. 
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